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INTRODUCTION
Paragraph number 1 Pedometers are increasingly being used as a surveillance tool to objectively assess ambulatory activity levels and patterns in different populations. They provide an inexpensive, accurate and reliable, objective measure of ambulatory activity by counting the number of steps taken per day, enabling the accumulative measurement of occupational, leisure time and household activity, along with activity required for everyday transportation (12) .
Paragraph number 2
Research assessing physical activity in a given population is typically interested in quantifying a person's usual or habitual activity level (2) . According to Felton et al. (10) there is a need to establish the relative stability of pedometer-determined activity behaviour in a free-living sample. Such an exercise would be valuable as it will enable the identification of optimal monitoring frames necessary to determine a stable index of habitual activity (10) . Earlier research has shown that day-to-day fluctuations in pedometer-determined ambulatory activity are not random and can in part be explained by real life fluctuations in behaviour caused by for example, the day of the week, participation in sports/exercise, and attendance at work (24) . Day-to-day variability in pedometerdetermined activity may also be increased by factors beyond the control of the researcher, such as bad weather, and participant injury or sickness (2) . In addition, seasonal changes in ambulatory activity have also been reported (11, 24) . The identification of optimal monitoring frames required to estimate habitual activity will have important consequences regarding research design.
Paragraph number 3
The most appropriate monitoring frame to estimate habitual ambulatory activity of a healthy, free-living, adult sample is currently unknown, time frames used in the literature in recent pedometer surveillance studies have included four (28) and five (5) days, one week (4, 12, 14, 20, 22, 26) , four weeks (7, 8) , and one year (24) . When considering research design, a balance has to be met between ensuring the monitoring period is sufficient to reliably estimate habitual behaviour without producing unnecessary participant burden. According to Baranowski and de Moor (2) respondent burden is the primary barrier to recording or assessing physical activity over many days. When considering participant burden, it is therefore necessary to establish a relatively short monitoring frame that can be used practically to study trends in behaviour change (10) . Length of monitoring frame therefore has important implications for study design, most obviously to minimise both surveillance costs and respondent burden (10), while not limiting reliability.
Paragraph number 4
To date, little research has investigated the stability of pedometer-determined activity data over defined periods of time and only a few studies have investigated the number of days required to estimate activity over pre-defined time periods, with these studies being limited to the estimation of weekly ambulatory activity (10, 25) . Tudor-Locke et al. (25) for example, reported that a minimum of three days of monitoring were necessary to achieve an intra-class correlation (ICC) of at least 0.8, and concluded from this research that three days of monitoring can provide a sufficient estimate of weekly activity in adults. These findings have recently been supported by Felton et al. (10) , who also observed that three days of monitoring are necessary to estimate weekly activity in college women. In their study, Tudor-Locke et al. (25) caution that their findings only apply to the reliable estimate of weekly activity and no longer, and they highlight the possibility of continuing with this line of inquiry by investigating how many days of pedometer monitoring represent one month, a season, or even up to one year.
Paragraph number 5
To the authors knowledge, no studies have been conducted to ascertain how many days of pedometer monitoring are necessary to reliably estimate activity assessed over a longer duration than one week, despite it being commonly considered that the longer the monitoring frame, the greater the likelihood of determining habitual activity. The aim of the current study therefore was to continue the line of inquiry applied by Tudor-Locke et al. (25) and Felton et al. (10) by investigating the number of days necessary to reliably estimate monthly ambulatory activity in free-living adults. A secondary aim was to conduct some exploratory analyses to determine whether the number of days of pedometer monitoring required to predict monthly ambulatory activity differ when participants are grouped according to their gender, body mass index (BMI) and age.
METHODS

Paragraph number 6
The data set used in the current article has been previously published (8) . The aim of the initial study, summarised below, was to describe pedometer-determined activity levels and patterns in a sample of normal weight, overweight and obese adults, over a period of four weeks. The present study examines how many days of pedometer monitoring are necessary in order to obtain adequate estimates of mean monthly pedometer-determined steps per day.
Paragraph number 7
The initial study conducted using this dataset received ethical approval from the Loughborough University Ethical Advisory Committee.
Participants and procedures
Paragraph number 8 During January through to March in 2006, 254 participants from the East Midlands region in the UK were recruited to participate in a study that described activity levels and patterns of normal weight, overweight and obese adults over a four-week period. Participants were recruited via word of mouth and through advertisements placed in local media. Participants were recruited using a sampling frame that was developed to achieve an equal spread of individuals across the age range of 18 to 65 years. The sampling frame also ensured that, at the study outset, the sample contained similar numbers of individuals classified as either normal weight (BMI <25 kg/m 2 ), overweight (BMI 25-29.9 kg/m 2 ) or obese (BMI ≥30 kg/m 2 ) (27) .
Paragraph number 9 A health screen completed at baseline confirmed that participants were all in good general health and none had any physical illnesses or disabilities that might affect their normal daily routine. Participants were informed about the purpose of the study, they received written and oral information about the study protocol and provided written informed consent.
Paragraph number 10
All participants were issued with a Digi-Walker SW-200 pedometer (New Lifestyles, Inc., Lees Summit, MO) and daily step log. This pedometer has been shown to accurately detect steps taken in both free-living conditions (16) and under controlled laboratory conditions using normal weight (9, 13, 17) , overweight and obese (21) individuals. Participants were instructed to wear the pedometer throughout waking hours for a period of four weeks, only removing when either bathing, showering or swimming. The appropriate position to wear the pedometer, on the waist band in-line with the midline of the thigh, was shown to participants at the outset. Pedometer accuracy was confirmed with each participant upon issue by means of a 20 step test (acceptance criteria: plus/minus two steps). Each night before going to bed participants recorded the number of steps displayed in their log, they were then requested to reset the pedometer ready for the following day.
Paragraph number 11
All participants were encouraged not to make any changes to their typical daily routine of work and leisure activity. Upon finishing the study all completed a brief post-study questionnaire enquiring whether they had suffered from any ill health, not worn the pedometer for a full day, or made any changes to their normal routine, diet, or general activity levels during the study period.
Paragraph number 12
At the study outset body mass (kg) and height (cm) were directly measured without shoes using electronic weighing scales (Tanita UK Ltd) and a wall-mounted stadiometer (Seca UK) prior to the monitoring period. BMI was calculated as kg/m 2 .
Paragraph number 13
Of the 254 participants starting the study, two were lost at follow-up. The 252 participants who completed the study reported, on the post-study questionnaire, no changes to their daily routine occurring throughout the four-week monitoring period. Of the 252 participants who completed the four-week study, 212 had 28 complete days of valid pedometer data, i.e. these participants had no missing pedometer data. The analyses presented in the current paper were therefore conducted using the data collected from these 212 participants. Independent samples t-tests were conducted to test for differences between the 212 participants providing 28-days of pedometer data and those participants discarded from the analyses described in this paper. No significant differences were observed between these two groups of participants in terms of mean daily step counts (212 participants with 28-days of data = 9263±3016 steps/day versus 40 participants with missing data = 8868±3605 steps/day, t = 0.75, p >0.05). In addition, using t-tests and chi-squared statistics it was established that the participants with 28-days of data did not differ in terms of gender distribution, age, height, weight, and BMI when compared with the 40 participants with missing data (all p>0.05). The sample used in the analyses reported herein consisted of 135 women (age = 37.3±13.6 years, BMI = 27.9±5.8 kg/m 2 , mean daily steps = 9454±3086) and 77 men (age = 39.9±12.6 years, BMI = 27.8±4.3 kg/m 2 , mean daily steps = 8930±2877). Independent samples t-tests revealed that there were no gender differences in terms of age, BMI or mean step counts reported over the four-week study, therefore males and females were combined into one group for the purposes of the analyses described in the current paper. Using participants' postcode to characterise the socio-economic status (SES) of the area in which they reside, it was observed that the sample used in the analyses came from neighbourhoods where unemployment ranged from 0.8% to 7.2%, relative to the national average of 3.4%, and the percentage of people in good health, in these neighbourhoods, ranged from 50% to 83%, relative to the national average of 68.8% (15).
Statistical analyses
Paragraph number 14 Statistical analyses were conducted using SPSS for Windows version 15.
Mean step counts were calculated over the four-week period for the sample as a whole. In addition, mean step counts reported on each specific day of the week were calculated using the four sets of data available for each day of the week. Using this data a repeated-measures ANOVA with Bonferroni corrected post hoc comparisons were applied to test whether mean step counts differed between days.
The sample were then randomly assigned (using SPSS Random Sample function) to either a reliability analysis group or to a confirmation group. 76.4% (n = 162) of participants were randomly allocated to the reliability analysis group while 23.6% (n = 50) were randomly allocated to the confirmation group.
Independent samples t tests were conducted to test for differences in age, BMI, and mean daily step counts between these two groups. The initial analyses conducted, to answer the research question 'how many days of pedometer monitoring are needed to reliably estimate monthly habitual activity, measured in terms of steps/day' were performed using data from the reliability analysis group.
Paragraph number 15 A series of intra-class correlations (ICC) were computed, for the reliability group, to address the research question. ICCs estimate the consistency of data collected over multiple days, providing a measure of intra-individual variability (2) . Data sets containing multiple days of pedometer data are regarded as appropriate for analysis using ICCs (25) . ICCs were calculated for the entire four week period, for a three week period (using the first three weeks of monitoring), a two week period (using the first two weeks of monitoring), and a one week period (using the first week of monitoring). As it is logistically simpler to measure daily step counts from participants over a defined number of consecutive days/weeks, only consecutive days/weeks of step count data were used in the ICCs, when determining the reliability of step count data collected over a period of one week or longer.
In addition however, ICCs were calculated for different combinations of any 6, 5, 4, 3 and 2 days, using data from the first week of monitoring, to make conclusions about combining data from nonconsecutive days, as occurs in datasets characterised by missing data. ICCs for multiple days were calculated using the following formula: Where σ s 2 is the between subject variance, σ e 2 is the within subject variance, and n is the number of days of pedometer monitoring (2) . Single day ICCs were also calculated using the following formula from Baranowski and de Moor (2). According to Baranowski and 
Paragraph number 16
Upon deciding how many days of pedometer monitoring are necessary to estimate mean monthly activity, based on the results of the ICC's, regression analyses were undertaken to confirm the initial assumptions. A stepwise linear regression was undertaken whereby mean step counts calculated over the four week period for the reliability sample (n = 162) served as the criterion, with mean step counts calculated over the recommended number of days (based on the results of the ICC), along with participant demographic characteristics (age, height, BMI and gender) serving as the independent variables. These participant characteristics were included since differences in step counts have been previously reported between males and females (7, 26) , and between different BMI (7, 8, 22, 23, 26) and age (8, 19, 26) groups. Participant characteristics were included in the stepwise regression in order to determine whether the prediction of monthly habitual activity could be strengthened with their inclusion.
Paragraph number 17
Following confirmation of the estimated number of days required to predict monthly activity, a linear regression analysis was undertaken using data from the confirmation group (n = 50). Mean step counts calculated over the four week period for this group served as the criterion, with mean step counts calculated over the recommended number of days (based on the results of the ICC and regression analysis conducted on the reliability group, described above) serving as the independent variable. This additional analysis was undertaken to test the validity of our recommended time frame in a different sample.
Exploratory analyses to investigate the number of days required to estimate habitual ambulatory activity in population sub-groups
Paragraph number 18 Using the complete sample (n = 212), to improve statistical power, a series of exploratory ICCs were calculated to determine whether the number of days of pedometer monitoring required to predict monthly ambulatory activity differ when participants are grouped according to their gender, BMI and age. Whilst these characteristics were included in the regression analyses conducted using the reliability group to determine whether the prediction of monthly steps could be improved by considering demographic characteristics, this analysis tells us little about the consistency over time of daily step counts reported across participants with different characteristics.
RESULTS
Participants
Paragraph number 19
The entire sample (n = 212) had a mean daily step count of 9263±3016 steps/day. The reliability (64% female) and confirmation (62% female) groups did not differ significantly (p>0.05) in terms of their mean daily step count, calculated over the four week study, or in terms of their demographic characteristics (Table 1 ). In addition, mean step counts reported on each day of monitoring, over the 28 day period, did not differ significantly between groups (all p>0.05).
Mean step counts reported on each day of the week, for the two groups and entire sample, are shown in Table 2 .
Step counts reported on a Sunday were significantly lower than those reported on all other days of the week following post hoc analyses in each of the two groups, and the sample as a whole (Table 2) .
Insert Tables 1 and 2 about here
Reliability analysis
Paragraph number 20 Using the reliability group, the ICC for any single given day was 0.41. Any two-day combination ranged from 0.52 to 0.74, any three-day combination ranged from 0.67 to 0.79, any four-day combination ranged from 0.75 to 0.82, and any five-day combination ranged from 0.79 to 0.84. All combinations of 6 days had ICCs above 0.80, while a seven day period (using the first week of monitoring) had an ICC of 0.86. Step count data collected over the first two and three week periods (of the four week study) had ICCs of over 0.90 (Table 3) . From these analyses it is recommended that researchers collect pedometer data over a 7-day period for a reliable estimate of monthly habitual ambulatory activity in adults.
Insert Table 3 
Confirmation analysis
Paragraph number 22 The reliability of using step count data collected over a period of one week to estimate mean monthly activity was tested in the confirmation group. There was a highly significant relationship between mean step counts calculated from the first week of monitoring and the criterion (mean monthly step counts) (adjusted R 2 = 0.91, SEE = 992, p<0.001).
Exploratory analyses to investigate the number of days required to estimate habitual ambulatory activity in population sub-groups
Paragraph number 23
When categorised according to gender, it was observed that 5 days or more of pedometer monitoring are required in females (n = 135) to achieve an ICC of 0.8, whereas in males (n = 77) a minimum of 6 days of monitoring are required to reach an ICC of 0. 
DISCUSSION
Paragraph number 24 The aim of the current study was to investigate the number of days of pedometer monitoring that are necessary to reliably estimate monthly ambulatory activity in healthy free-living adults. Based upon the current findings, it is recommended that researchers collect pedometer data over a 7-day period for a reliable estimate of monthly habitual ambulatory activity in healthy free-living adults. These findings have important implications for study design given that a primary goal of physical activity surveillance is to quantifying a person's usual or habitual activity level (2), whilst minimising surveillance costs and respondent burden (10).
Paragraph number 25
There was a significant trend for activity to decrease on a Sunday in the sample studied, with the sample as a whole reducing their activity by approximately 1800 steps/day on a Sunday in comparison with all other days. Reductions in activity on a Sunday have been reported
elsewhere (3, 6, 7, 10, 24, 25) and it therefore appears that this widely reported decline in activity on a Sunday is not random, and reflects an inherent characteristic of real life fluctuations in behaviour. It is recommended therefore that in order to reliably estimate monthly habitual ambulatory activity in adults that a Sunday should always be included in the monitoring period. This suggestion is particularly important when considering overweight and obese adults, since reductions in activity on a Sunday in these individuals have been shown to be particularly pronounced (7, 8) . The Sunday fluctuation in steps
is part of the reason we are recommending that pedometer data should be collected for a period of seven days, and not six (where ICCs were >0.80), to reliably estimate monthly activity. If data were only collected throughout Monday to Saturday, for example, this could overestimate monthly activity.
A second reason for recommending seven days as opposed to six is that in the event of missing data (1 day), data collected on six days will remain sufficiently reliable to estimate mean monthly activity. . As overweight and obese adults have been found to have lower step counts than their normal weight counterparts (7, 8, 22, 23, 26) , and are considered to be more sedentary, it is not surprising that there is less variability between days of monitoring in these groups.
Paragraph number 26
Variations in the consistency of pedometer data were also observed among different age groups, with
ICCs of 0.8 being achieved with 6 days of monitoring in 18 to 29 year olds, 4 days of monitoring in 30
to 45 year olds and 7 days of monitoring in 46 to 65 year olds. The relatively high consistency of pedometer data collected in the 30 to 45 year olds surveyed could be attributed to set routines dictated by work and/or family commitments in this group. In contrast, the greater variability observed in the 46 to 65 year olds surveyed could be attributed to a number of individuals (29%) in this category being retired. The results of these additional analyses should be treated as preliminary, since it was not the primary aim of the study to investigate the consistency of pedometer data in the discrete groups described above, thus there is a risk that some groups may be under powered statistically. There is the additional risk that when making comparisons across several variables statistically significant associations may arise by chance alone. However it would be interesting for further research to extend this line of investigation into the variability of pedometer data among different sub-groups of healthy adults. It is worth noting however that from these exploratory analyses, even in the participant sub groups with the most variability (normal weight adults and 46 to 65 year olds), seven days of pedometer monitoring is sufficient to achieve ICCs of 0.8, further strengthening the recommendation of collecting pedometer data over this time period for the reliable estimate of monthly habitual activity in free-living adults.
Paragraph number 27
Whilst preliminary, the exploratory analyses described previously do suggest that the consistency of pedometer data varies according to different participant characteristics, and it is understandable that the more variable a person's habitual activity, the more days of monitoring would be required to achieve an accurate estimate of usual activity. For example, in a study investigating pedometer reliability, over a seven day period, in a sample of youth (10 to 14 year olds) and postmenopausal women with type 2 diabetes, Strycker et al. (19) found that at least 5 days of pedometer data were needed in the youth sample, and that just 2 days of pedometer monitoring were needed in the sample of older women to obtain reliability coefficients of at least 0. Paragraph number 28 We must caution that in the current study we are only estimating monthly habitual activity, in a healthy free-living sample of adults between the age range of 18 to 65 years. A limitation of the current study is the fact that the conclusions drawn from this research are based upon the analyses of a self-selected sample, from one region in the UK, and it is recommended that the current findings are confirmed in additional samples/populations. This research could be extended, as initially recommended by Tudor-Locke et al. (25) , to investigate further how many days/weeks of pedometer monitoring represent habitual activity in a season, or even year round activity.
Paragraph number 29
In conclusion, based upon the current findings, it is recommended that researchers collect pedometer data over a 7-day period for a reliable estimate of monthly habitual ambulatory activity in healthy, free-living, adults. A number of pedometer studies have previously employed this time frame (4, 12, 14, 20, 22, 26 ) and it appears that data collected over a period of one week is reasonable in terms of limiting participant burden. The findings of the current study have methodological implications for researchers, epidemiologists, behavioural scientists, and health practitioners interested in physical activity, particularly ambulatory activity, surveillance since they show that monthly ambulatory activity can be reasonably understood with just seven days worth of monitoring. This is a significant issue given the current public health threat related to physical inactivity (1).
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